There is wide agreement across the political spectrum that the United States should develop domestic, renewable sources of energy. There are many ways to describe the challenges of a transition from a fossil fuel economy to one fueled by atoms, the sun, or the wind, but in a nutshell, the problem is said to be cost: the basic reason the United States continues overwhelmingly to rely on fossil fuels is that they are comparatively cheap, and alternative energy is relatively expensive.
INTRODUCTION
There is wide agreement across the political spectrum that the United States should develop domestic, renewable, sources of energy. The views, and mistakes, in this paper are those of the authors alone. We offer special thanks to Ardeth Barnhart and Carol Rose for detailed comments. Kirsten Engel and Jonathan Overpeck provided comments, and Robert Glennon has counseled us on this draft and more generally regarding water markets and the use of water in renewable energy generation. We also learned from a paper and discussion as part of the University of Arizona Environmental Law, Economics and Governance Program ("ELEG") on the idea of a carbon tax by Professor Shi-Ling Hsu. We are indebted, as always, to the superb research support provided by Sarah Gotschall. 1 See, e.g., George Altman, Wicker: Middle East Unrest Shows Need for Domestic Energy Production, GULFLIVE (Mar. 5, 2011), http://blog.gulflive.com/mississippi-press-news/2011 /03/wicker_middle_east_unrest_show.html (Republican Senator arguing for increased 119 
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[ Vol. 36:119 This widespread understanding has recently been strengthened by the BP Deepwater Horizon oil spill in the Gulf of Mexico and by the ongoing transformation and instability throughout the Middle East.
2
There are many ways to describe the challenges of a transition from a fossil fuel economy to one fueled by atoms, the sun, or the wind, but in a nutshell, the problem is said to be cost: the basic reason the United States continues overwhelmingly to rely on fossil fuels is that they are comparatively cheap, and alternative energy comparatively expensive. 3 All claims about the relative costs of any source of energy, however, must be viewed skeptically. There are few goods or services that have seen as much regulation and subsidy (explicit and implicit) as energy markets. 4 Every current assertion about the relative costs of energy, therefore, is a product of past and present non-market decisions.
Consumers today see lower prices for electricity from coal, natural gas, or nuclear fission because of these subsidies. 5 Taxpayers make fossil fuel and nuclear energy appear cheaper through tax breaks on oil and gas exploration, military expenditures to protect petrochemical wells and transportation, and government-subsidized insurance. HERE COMES THE SUN 121 The history of highly subsidized and regulated energy markets invites analysis of costs and benefits that are not currently captured by apparent energy prices. One goal of this Article is to encourage more open public discussion about real energy costs. This Article is part of a longstanding effort to focus the attention of policymakers and the public on truer costs and benefits of alternative energy. To keep the discussion short and focused, we concentrate on solar energy.
Current energy prices do not include the full cost of harm to the environment from either workaday energy operations or the extraordinary harms from spills, wars, and other disasters. 7 Nor do current energy prices capture the burden to current and future generations of national security expenditures tied to non-U.S. energy sources, and the costs of climate change. 8 While attention has been drawn by the BP Deepwater Horizon oil spill, the Fukushima Daiichi nuclear crisis, and geopolitical instability to the costs of rare but extraordinary events (and the policies that limit or spread liability for such events), we focus here on more pervasive and cumulative costs. We look at solar energy through the lens of some simple and conservative assumptions about the cost of one input-water-that is increasingly subject to market pricing. We take note of the cost of one externality-carbon-even in the absence of short-term political or market mechanisms to internalize that cost. Extreme weather events may induce markets, including risk-spreading institutions such as insurance companies and banks, to take account of carbon long before national and global political institutions do so. 9 And the relevant time frame for the construction and operation of energy facilities makes a discussion of carbon pricing realistic. Our goal is to illustrate the kind of analysis that would move public discussion and policies towards truer energy cost assessments. But even within alternative energy sources there is a lack of recognition of the sum of the actual costs. Popular discussion, at least, often suggests that "solar energy" is a single technology, with a single cost across different settings. To drive home the goal of better cost accounting across energy sources, this Article focuses on the current water needs of solar electric generation. It then looks at the price challenges facing current technologies and reviews low-water-use alternatives. Finally it presents a rough economic analysis suggesting that some forms of low-water-use solar energy are among the lowest real-cost sources of energy available if even part of the actual cost of water is taken into account. Any regulatory or market changes to reflect the externalities produced from industrial carbon dioxide ("CO 2 ") emissions would only make the cost comparison more favorable to solar energy (and to other low carbon sources).
11
The bottom line: the direct energy and energy policy impacts of the BP oil spill, the Fukushima crisis, the instability in the Middle East, and increasing attention to extreme weather events and their impacts should serve as a reminder that energy costs are fluid and reflective of a host of policy choices. From this perspective the economic catalyst to fundamental shifts in energy sources and uses may be closer than suggested by headlines and widely held popular and political beliefs.
I.
H 2 O AND CO 2 : CAPTURING THE COST OF INPUTS AND EXTERNALITIES Every president since Richard Nixon has pledged to reduce our country's dependence on foreign oil, primarily because our consumption of fossil fuels funds countries and people who, to put it mildly, do not have the best interests of the United States at heart. 12 A climate change skeptic could rationally support alternative energy simply on the basis of national and economic security. Prices should in some way account for the cost of 11 the transfer of wealth to the Middle East, and for the expense of securing the sources and channels of petroleum from there, which, excluding the expenses for the Iraq war, amounts to at least $50 billion, and as much as $103 billion a year.
13
Indeed, there is a long list of inputs and externalities that are not fully or fairly included in either apparent energy pricing (the prices consumers and businesses pay) or even in many of the economic and policy assessments of current and future energy pricing.
14 But for the purpose of clarity, in this section we focus on only one major input-water-and one high profile externality-carbon.
A. Water
In 2005, approximately forty-nine percent of the 410 billion gallons of water withdrawn each day in the United States was for thermoelectric power generation. 15 About seventy percent of that was fresh water. 16 Approximately forty percent of that water was consumed, and the rest was returned to rivers, lakes, and oceans. 17 Though energy plants that pass water through for cooling and return it to large bodies consume much less water, the water that they return is at a higher temperature.
18 Environmental concerns about heat altering the marine environment, and harm to aquatic life sucked into the plant, have been given teeth through the Clean Water Act and the Endangered Species Act. 19 Thus plants that rely on such water cycles are becoming increasingly costly and difficult to construct. Water is a limited and precious resource, notwithstanding policies that often fail to recognize this fact. 21 The combination of water shortages and a high proposed volume of water consumption caused several power plant projects to fail to receive permits in Idaho, Arizona, and Montana in recent years. 22 Permit rejections on similar grounds are likely to increase given increasingly short supplies of water, particularly in high-growth regions such as the desert southwest. 23 Even though water prices in most locations reflect only delivery cost (or only some fraction of delivery cost), the price and availability of adequate water is nonetheless one of the most critical cost and resource components for most large-scale electric generation facilities. 24 As a result, conventional power plants using water cooling systems (or solar plants with similar water requirements) cannot meet new electricity needs unless sites with abundant water can be found. 25 This point holds true even where water is available at well below market prices.
Those who need no convincing about the need to shift to lower or no-carbon sources of energy often neglect to put all of the costs of the cleaner alternatives on the table. Specifically, champions of various alternative energy sources fail to recognize the huge amount of water required for many types of electric power generation. The intimate connection between water and energy is often referred to as the water-energy nexus.
26
As a prominent proponent of alternative energy, Al Gore seemed to simply ignore this fact in a 2008 op-ed, printed just days after Barack Obama was elected President. 27 at the new World Trade Center will use Hudson river water to cool the facility, but not nearly to the extent in the past, because of concerns about harm to fish in the river. See Dunlap, supra note 18. 21 
B. Carbon
For most of the last century, the main concern of environmentalists regarding energy generation has been air pollution. Since the Industrial Revolution, manufacturing and power plants have spewed a variety of toxins into the air that are harmful to humans, plants, and animals and cause acid rain, smog, and a host of other problems. 28 Over the last century this pollution has been reduced largely by restricting the amounts of toxins that polluters could emit and requiring them to place filters and scrubbers on their smokestacks. 29 Until the 1990s, environmentalists made only occasional mention in mainstream publications of the emission of CO 2 , 30 a gas that is harmless when inhaled by humans.
31
In the past two decades, scientific consensus on the reality of human-caused climate change has broadened. 32 With the huge and growing scientific focus, and clarity on threats to the human and natural environment from climate change, the attention of environmental groups, politicians, and the public has turned to the production of "greenhouse gases," and in particular to CO 2 . CO 2 has proven a much more difficult pollutant to deal with than the particulates and toxins that are the traditional focus of clear air laws. 34 Even the "cleanest" coal plant emits approximately two pounds of CO 2 per kilowatt hour ("kWh"). 35 Increasing energy demand in the United States, and exponentially increasing demand in China, India, and other parts of the developing world, means that more and more CO 2 is being emitted due to power generation each day.
36
Approximately forty percent of human-caused CO 2 emissions are from electricity generation. 37 But power generation is not the only source of CO 2 : almost as much comes from transportation, and most of the rest comes from industry and climate control of homes and offices.
38
Climate change is happening, as even most critics of more aggressive climate policy admit. 39 And the risks from both the likely and predictable, as well as less likely and less predictable, consequences of climate change suggest the wisdom of developing and employing sources of energy that emit little or no greenhouse gas. As recently as 2008, domestic and international policies seemed inclined towards regulatory regimes that would have increased the price of CO 2 emissions. 41 Since 2008, it has become much less likely that carbon pricing legislation will become law in the United States in the near term, or that new active carbon markets will emerge in other major world economies. 42 The time frame for assessing the full cost of a power plant, including potential costs for CO 2 emissions, is not the next few years, but the useful life of a newly constructed power plant, which is at least twenty, and often over sixty years. 43 So, for purposes of this Article we work from a very modest assumption: some climate policies at state, national, and international levels, and pressure from various market actors (businesses, consumers, insurers, and banks), are likely to raise the cost of CO 2 emissions by some amount over much of the life of newly constructed power plants. Even a modest increase could be transformative.
To the extent that industrial policy and consumer demand moves cars in the direction of part-or full-time electric vehicles, and the recently released models from Chevrolet and Nissan have shown that electric cars are no longer just a concept, 44 such a change will require substantial amounts of electricity. 45 The implications for climate change should be positive, but that will depend in part on the energy sources that power these new cars.
The real cost and scarcity of water, the need (if not the short-term likelihood) for CO 2 regulation, the environmental risks from ongoing energy production and extreme events, and the implicit costs of protecting oil suppliers and supply routes around the world, all support the conclusion that there is a serious need for domestic, non-greenhouse gas-producing sources of electricity. [Vol. 36:119
Many alternatives exist. These include wind, biofuels, nuclear, and solar energy sources. 46 But each of these sources has its drawbacks. Wind energy requires large amounts of space that is often in picturesque locations or on coastlines where people oppose it. 47 It can be far from the current locations of energy use, raising transmission challenges, and it is intermittent and difficult to store. 48 Wind energy can threaten avian populations, raising concerns with wildlife advocates and facing potential legal barriers under the Endangered Species Act. 49 Biofuels in the form of ethanol have strong political support, but scientific analysis overwhelmingly indicates that corn ethanol, the primary biofuel source in the United States, is not an efficient source of energy and may not even produce more energy than is required to make it. 50 Other consequences of corn ethanol production, such as increased food prices and deforestation, make it even less attractive. 51 Other biofuels, such as biodiesel from algae or grass ethanol, show more promise from an energy efficiency standpoint, but are not yet industrially viable. 52 Nuclear power is plentiful and proven, but current technologies require large amounts of water and produce radioactive waste for which no safe storage system is available. 53 Furthermore, as recently demonstrated by the meltdown precipitated by a tsunami at the Fukushima Daiichi nuclear power plant, which may make parts of that region impassable for decades, the consequences of a malfunction at a nuclear facility can be disastrous. 54 Nuclear plants are also very capital-intensive and place energy production in a smaller number of high-production facilities at a time when security needs and transmission infrastructure suggest the value of more distributed energy sources. 55 The cumulative impact of the financial and regulatory hurdles to the construction of a new nuclear generation facility means that, at least in the current economic environment, nuclear energy is not financially competitive.
56
While there may be multiple paths to wiser energy production, solar energy again and again seems to come to the fore. Solar energy is virtually limitless and the operation of solar plants produces no or little carbon emissions. 57 By one widely quoted estimate, a photovoltaic installation of only 100 square miles in the Nevada desert could meet all the electric power needs of the entire United States. 58 However, the resources needed to move to increased use of solar energy in the Southwest are often understated, since many of the current solar technologies require substantial amounts of water. 59 Market-based shifts that include some of the true cost of water-not just the cost of its delivery-and some conservative estimates of the externalities generated by CO 2 in energy prices would make some low-carbon energy sources as cheap, if not cheaper, than fossil fuel or nuclear power.
61
The remainder of this Article hones in on this point. Our goal is to help nudge even general energy policy debates into a more economic framework, while at the same time reminding those who assume that all markets speak the truth that any discussion of energy economics and markets must take account of the distorting effect of government interventions in energy markets and production. Government subsidies, and other policies in the energy arena that distort or obscure real prices, make any discussion about costs necessarily rough. But even rough calculations of only a handful of inputs and externalities can, we believe, shift the debate over alternative energy sources.
What this Article adds to the debate is a reminder about how much of energy "markets" are constructed, and therefore how much energy policy has been (and will likely continue to be) a major subject of government policy. We also hope to show how close we may be to fully economic solar power generation when even conservative estimates of the true costs of water and even marginal calculations for carbon are taken into account.
II. GET MORE REAL: ILLUMINATING THE ROUGH ECONOMICS OF SOLAR POWER
In this section we confront current published cost estimates of solar against conventional sources and try to take account of only a few of the critical real costs associated with each. Making even conservative assumptions, our rough economic analysis suggests that solar energy may, in some common settings, be one of the lowest real-cost sources of energy available today.
62 61 See id. (noting that while renewables like solar may be approaching price parity with fossil fuels, more needs to be done to make the costs equivalent). 62 Largely ignored in this work is the issue of where to get energy from at night, when the sun isn't shining. This is a real concern in the future of solar power, although storage technologies have been developed for other energy sources that are intermittent. With regard to solar power, at present there is substantial demand for solar energy in daylight hours when energy demand is at its peak. 
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A.
Fossil/Solar Cost Differential
The primary and widely acknowledged advantage of fossil fuel and nuclear electric generation over solar power is price. 63 At present, according to the U.S. Department of Energy ("DOE"), solar electric power costs between twelve and fourteen cents per kWh. 64 By contrast, coal power, currently the cheapest and most common source of power, costs about two to three cents per kWh, and natural gas about five to six cents per kWh. 65 The DOE believes that available technological innovations and scaling could reasonably bring the cost of solar power to five to seven cents per kWh, but that still represents a substantial premium over current coalgenerated electricity prices. 66 Natural gas, though, is also much cleaner and less carbon-intensive than coal and is becoming a more common choice for new electricity generation facilities. 67 Recent advances in natural gas extraction technology, primarily hydraulic fracturing or "fracking," have increased the supply of natural gas available in the United States. 68 Natural gas prices have fallen since 2008, however they are still up sharply since 1995. 69 Fracking is fiercely opposed by some environmentalists, and the EPA recently found that major extractors were in violation of the Safe Drinking Water Act as a result of injecting diesel fuel into the ground that can then find its way to drinking water. 70 [Vol. 36:119 Adding to this complexity is the fact that there is a "laboratory" cost, what it takes to produce a watt if you hold everything else constant, and what it takes to produce a watt at the end of a plug in the real world. That difference depends not on financing costs, fluctuating commodity prices, exchange rates, and global demand for the materials used to construct plants, as well as the constantly changing maze of regulations and incentives, and the somewhat more slow but ongoing changes to the electric grid and storage options that vary from state to state.
The financial and regulatory complexity of big energy projects notwithstanding, we believe that current price comparisons between solar and conventional sources of energy are misleading. Only part of the full cost of conventional sources is included in its price, 71 whereas most of the cost of solar energy is included in its price. 72 In other words, solar only loses in a rigged game. A truer market where prices reflected even some of the externalities created by conventional sources-even without taking into account past and current subsidies for fossil fuels-would find certain types of commercial solar energy to be price competitive.
Attempts to address some of the difficulty in comparing one energy source to another by producing "levelized" comparisons tend to be rife with problems. Many studies, like the one conducted by the State of California's Energy Commission, do not include the cost of externalities but do include subsidies that apply inconsistently, for example to some, but not all, forms of solar-or better put, to some, but not all, sources of zero-carbon emission energy. 73 Generally studies appear not to take into account the value of water above the cost currently paid by producers.
Perhaps most significantly-and a problem shared with attempts to price the effects of climate change-is the fact that the decisive input in many models is the cost of capital. 74 As a consequence, the models' prediction of the cost of a watt of energy from capital-intensive solar plants could change well in excess of 100% depending on interest rates at the 74 Id. at 12-13 (noting that capital costs include total costs of construction, land purchase, development, permitting, equipment, interconnection, environmental control equipment, and financing).
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time the plant is constructed. 75 This is an essential consideration when a company is choosing what type of facility to construct, but it mistakes a discussion of corporate financial planning for a comparison of renewable energy to fossil fuel energy.
Unpaid Costs in Conventional Energy Sources
Many of the environmental externalities of current energy sources go largely unpaid by producers and consumers, and are instead borne by society at large and by future generations. 76 The environmental harms from energy production include those that are ongoing, cumulative, and widespread (climate change), and those that are regional or site-specific (spills).
77
The military and geopolitical cost of importing billions of barrels of oil from far-flung places, as well as the resulting transfer of wealth to hostile regimes, is difficult to estimate, but it is safe to say that some portion of the United States' military activity in the Middle East in particular is attributable to the need to protect energy sources. 78 Estimates of this cost range from $50 to $103 billion annually, not including the expenses for the Iraq war. 79 If even a fraction of that cost were paid by energy users it would cause a marked rise in the price of oil-based energy. 80 Furthermore, some portion of the costs arising from terrorism-related security efforts is a consequence of funding that terrorists receive from individuals and governments enriched by selling oil to the West. That the full environmental and geopolitical cost of oil is not included in gas prices makes it an indirect government subsidy. More direct subsidies exist as well. For oil and gas development those direct subsidies, typically through tax breaks, total many billions of dollars each year. 82 For nuclear power, the federal government provides catastrophic loss insurance that amounts to a multimillion to billion dollar annual subsidy to the nuclear power industry. 83 Further, government loan guarantees for new plant construction 84 and expenditures to develop long-term storage for spent fuel are additional costs not paid by energy consumers but instead by taxpayers. 85 The true cost of the water used as a coolant by coal, oil, natural gas, and nuclear power plants is either completely put off to society as an externality, or directly subsidized by local or federal governments.
86
A discussion of the unpaid costs of electricity could fill several books. This Article again takes a simple but revealing path: in the next part we look at the implications of more fluid water markets and a modest carbon price on the relative cost of solar versus fossil power.
B. Better Markets for Carbon and Water
We endorse a more market-oriented solution to new energy even as we recognize how far from free all energy markets are. Taking even minimal account of the externalities of different energy sources will allow businesses and individuals to make more rational choices about their energy needs and will give the least costly (in real terms) technology a better chance to succeed. That these costs are not included in current energy prices is a fact not lost on politicians, even if they do not do anything about it. 87 In June 2010, remarking on the Gulf spill, President 
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we refuse to take into account the full cost of our fossil fuel addiction-if we don't factor in the environmental costs and national security costs and true economic costs-we will have missed our best chance." 88 We limit our discussion below to two measures to illustrate the impact of making a "more real" cost-benefit analysis: 1) using water markets to allow for the proper pricing of hydrologic resources; and 2) establishing a carbon price that begins to include the costs of climate change in energy prices.
1.
Taking Account of the Water-Energy Nexus
Coal, natural gas, and nuclear power generation stations consume up to 500 gallons per megawatt hour ("mWh") of water to cool the steam that runs their turbines. 89 They pay an average of just over one dollar per 1000 gallons for this water. 90 This cost often does not even cover the full cost of delivery and provides users with little incentive to conserve or direct water to its best uses.
Some states and localities have moved towards the creation of water markets. 91 The idea of a water market is actually quite simple: willing owners can sell to willing buyers.
92
Does that sound radical? It is if being radical means a rejection of widely established and long-standing policy. But it is exactly such policies that lead farmers to grow low-value crops like alfalfa using flood irrigation, and waste billions of gallons of water in the process. 93 Creating water markets does not require the rejection of all preferred uses. Proponents of water markets have suggested that all persons receive a grant of a minimum amount of water-roughly a generous calculation of how much is required to meet basic human needs. 95 Furthermore, markets can be structured to provide price breaks to preferred uses, whether for farming or simply leaving water in rivers ("in-stream flows") to create fish and bird habitat. 96 How does the emerging trend towards more open water markets relate to electricity? If transferrable and marketable property rights are granted in water, we believe its price, on average, will go up. This is not a logical consequence of increasingly freer markets, which often lead to lower prices; it is instead a reflection of the disconnect between the actual scarcity of water and the existing system that allocates it based on political and historical, rather than economic, forces. The evidence of severely distorted water markets comes in multiple ways. One simple example would be the phenomenon of drought measures in cities occurring at the same time, and in the same water system, as flood irrigation of low-value crops.
97 Initial information from fledgling water markets, where economic forces exert greater control over distribution, suggests that the multiple competing demands for water and its scarcity tend to generate higher real prices.
98
For the average homeowner, freer water markets would not mean much. The price we pay for municipal water today-an essential element of human life-is often exceeded by expenditures on cable television or premium coffee. 99 What will it mean for a water-cooled power plant? Probably a lot. In the next section, we consider the implications of market prices for water and solar energy. 94 97 See, e.g., Kelly Zito, Worst Drought Ever Expected After Mild January, S.F. CHRONICLE (Jan. 30, 2009), http://articles.sfgate.com/2009-01-30/news/17198620_1_sierra-nevada -snowpack-rationing-snow-s-water-content. 98 See Brewer et al., supra note 91, at 109 (largely attributing this effect to the sale of water rights from farmers to urban users willing to pay much higher prices). 99 Glennon, supra note 95, at 1873.
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Solar Energy and Water Consumption
When most people think of solar energy, they do not think of water consumption. That disjunction is a critical error in assessing the true cost of solar energy.
100
All solar facilities use small amounts of water for washing mirrors and panels. 101 It is solar thermal systems that can have large water needs for cooling. 102 The most common type of solar thermal facility is the parabolic trough system, which uses long, curved mirrors that focus light on a pipe filled with a heat transfer liquid. 103 This heated liquid is used to make steam and drive a turbine to generate electricity in the same way a coal, gas, or nuclear plant would. 104 Most existing parabolic trough systems use water-evaporation cooling systems and consume a similar amount of water to that needed for coal, natural gas, and nuclear, though newer systems have proven effective with dry and hybrid cooling as well. [Vol. 36:119
Another solar technology currently deployed at two facilities in California is a dish Stirling system. 111 This system uses a large parabolic dish that focuses light on a heat exchanger connected to a Stirling engine.
112
The Stirling engine, contained on each dish unit, converts the heat into electricity in a closed cycle. 113 Stirling dish generators are completely aircooled and require water only for cleaning. 114 They are highly scalable: each dish is a self-contained generator, and a generation facility could be comprised of a few dishes, or a few thousand dishes. 115 Stirling dishes suffer from high capital costs, and currently suffer from reliability and maintenance issues. 116 The most familiar source of solar electricity is from photovoltaic ("PV") sources, most commonly in the form of the PV panel. 117 An emerging technology is concentrated PV ("CPV"), which uses mirrors or lenses to focus sunlight on very high-efficiency PV cells. 118 PV installations require water only for cleaning, and use very little. 119 PV panel installations are far less capital-intensive than most solar thermal technologies, however a similar-sized solar thermal facility is likely to have a greater energy output because ordinary PV panels are the least efficient of the major current solar technologies at converting solar radiation into electricity, with a conversion efficiency at the low end, near eleven percent, for low cost industrial-use cells. 120 Laboratory models have achieved nearly twentynine percent efficiency, but are not presently commercially viable. 121 CPV, on the other hand, has shown the ability to generate electricity at very high conversion efficiencies, in excess of twenty-five percent, in more scalable forms.
122
PV's drawbacks can often be overcome, however, for small-scale installations at the point of use because the elimination of transmission infrastructure and loss can balance out the negatives. 123 Because a small to mid-scale application can be installed with minimal capital, without changes in transmission infrastructure, and often without the environmental impact assessments and regulatory hurdles of utility-scale applications, they can be attractive to businesses and investors. 124 Current water costs for electric generation facilities generally range from $1 to $8 per thousand gallons, with prices closer to $1 being most common. 125 The point at which the lower performance of dry-cooling solar energy systems is overcome by the cost of water for wet-cooled systems is only in the $3.50 to $4.50 per thousand gallons range. 126 The notable conclusion from a look at water prices is that wet-cooled systems (for solar or fossil-fuel sources of electricity) are only economical in a world where water is cheap in the extreme-at a price that only reflects delivery cost, if even that. Consequently, virtually any system that includes some of the true value of water in its price will be transformative for the competitiveness of dry-cooled energy sources.
PV and dry-cooled solar thermal technologies that use water only for mirror washing consume approximately twenty gallons per MWh, down from approximately 800 gallons per MWh for a wet-cooled parabolic trough plant. 127 Dry-cooling systems are less efficient at converting solar radiation to electricity than wet, but these "inefficiencies" would actually generate cost savings where water prices are higher or, more importantly, would allow a plant to exist where water may be legally unavailable.
128
Even in places like coastlines where water is abundant, hybrid wet/dry systems can be used that reduce water use eighty to ninety percent over what existing coal or nuclear plants use, with a cost effect on the electricity produced as small as two percent. [Vol. 36:119
Dry and hybrid cooling systems are generally more capital intensive to construct, but costs have fallen as the systems become more common.
130
Of course, whether they are a net gain or loss in the long run depends on the cost of water.
What the equilibrium price of water in a market system would be is highly speculative, and will depend on region.
131 That it would rise above $3 per thousand gallons, however, is quite likely. 132 Even without a fully open water market, wet-cooled electric generation only makes economic sense where the true value and scarcity of water are ignored. As a result, we do not believe that wet-cooling systems make sense for any electric generation method, but they are a particularly poor choice for solar power facilities located in the parched deserts where the sun's energy is most prevalent. Costing Carbon
We have discussed the implications of taking account of water in energy production because it is often left out of policy analysis. 134 It should and will have to be considered, however, if the trend towards water markets continues. This trend is likely to continue because water scarcity is a critical issue not just in the desert Southwest, but in areas such as the Southeast, which might seem to have abundant water supplies, but face serious shortages as well.
2011]
HERE COMES THE SUN 141 created by energy from fossil fuels is global climate change caused by the emission of greenhouse gases, chiefly CO 2 . 137 Though there are a number of externalities associated with energy, including air pollution, mercury poisoning, land despoiled for coal and tar sands mining and fracking for natural gas, spilled oil and defense spending, 138 a big step toward making the price of energy reflect its true cost would be to include some modest portion of the cost of carbon emission.
139
Though there are several ways to begin internalizing the cost of carbon, the best among them is a carbon tax. Such a tax would allow the market to "sort" energy sources by all relevant cost measures and minimize government interference in that market. 140 Further, a carbon tax is in theory less susceptible than subsidies or cap-and-trade to lobbying and parochial political interests, is administratively simpler, and would not interfere with other legal or regulatory efforts, including state regulation.
141
For the purposes of this discussion, however, virtually any mechanism that begins to price the cost of carbon emissions would suffice, be it a carbon tax, the cap-and-trade system sometimes considered by Congress, something as unusual as a temperature tax, or any of the myriad of other proposals. That is because any system that places a non-zero price on carbon would begin to lower the subsidy that makes energy from fossil-fuel sources artificially cheap. On the even slightly more level playing field that would result, solar power can compete.
The difficulty of predicting the precise effects of climate change is part of the challenge of developing the most appropriate policy responses. Climate and environmental scientists tasked with predicting the effects of a dramatic realignment of Earth's environmental chemistry, including the effects of events that have never been observed, have understandably arrived at a broad range of conclusions. 143 Nor does it conflict with increasingly good models (and actual observations) identifying degrees of risk with regard to ranges of potential change-ranges that often include possibilities for "worst case scenarios" that are dismissed from public discourse the way that worst-case deep water oil spills were dismissed until April 20, 2010.
144
A different, and less certain, issue is how to price the harm from the greenhouse gases that are a primary cause of human-induced climate change.
145 Some of the more prominent studies have addressed the qualitative effects of climate change, but have not attempted to put a cost on today's carbon emissions. 146 We survey several of the most prominent studies that try to arrive at a level of clarity sufficient to make the point about fossil-solar tradeoffs.
William Nordhaus, using his "DICE" model, evaluated a cost of $30 per ton of carbon. 147 The Stern Review arrived at a much higher rate of $350 per ton. 148 arrived at a mean of $43 per ton. 149 The United Nations Intergovernmental Panel on Climate Change survey also found a mean cost of $43 per metric ton. 150 Different methods to calculate the cost abound as well. Kammen and Pacca estimated the marginal cost of the emission of a metric ton of carbon based on the number of deaths in tropical regions attributed to climate change multiplied by the (also highly contested) actuarial value of a life, finding it to be $33.60 per ton. 151 Another method is to look at the cost of removing CO 2 from the atmosphere through planting trees or other natural captures, which the United States Energy Information Administration estimates at approximately $54 per ton. 152 Those studies and surveys arrive at a mean cost per ton of approximately $92. An average of these studies that excludes the Stern Review, or rather, uses the Stern numbers with a discount rate closer in line to what other studies use, arrives at a result of approximately $40.
Though we will likely not know what the precise effects of climate change will be until they occur, and much of what occurs will depend on our actions over the coming years, we can make the following conclusions with a reasonable degree of certainty: 1) the Earth's atmospheric concentrations of greenhouse gases have dramatically increased since the preindustrial era;
153 2) as a result of that increase, the Earth's temperature is rising; 154 3) that change in temperature is likely to have a substantial impact on climate; 155 and 4) there is at least a small chance of catastrophic effects that will fundamentally disrupt the way we live today. 156 Ultimately, it may be impossible to arrive at an accurate marginal cost per ton of carbon emitted, but the chance that it may be very high suggests we should
[Vol. 36:119 buy some insurance. The good news is that we can have that insurance for just pennies per kWh, and at a price likely to decrease over time.
The cap-and-trade system implemented in Europe, where emitting a ton of carbon costs around $19, may increase over time as the European Union shifts from predominantly free carbon allowances to predominantly auctioned ones. 157 The European system has seen the price of electricity from carbon-emitting sources increase by six to eleven percent. 158 Energy bills considered by Congress in 2009 and 2010 would have created a price for carbon emissions estimated to be between $12 and $93 per ton in 2020, with the floor and ceiling rising at a rate three to five percent above the CPI. 159 This translates to roughly nine cents per kWh in 2020, and increasing thereafter. 160 Where the price eventually settles is less important than the fact that there should be some non-zero price, one that would put some applications of solar power, even at current prices, within range of hydrocarbon energy. 161 It is also important to keep in mind that the relevant comparison against new sources of solar electricity is new conventional plants, not existing capacity. Ideally, old coal plants would be replaced by cleaner alternatives, but in the short term increasing demand for electricity means that new capacity will still be necessary. 162 A modest carbon price together with some movement towards water markets would push the cost of coal, natural gas, and nuclear energy up-even if existing plants could be retrofitted with dry-cooling and carbon sequestration systems. 163 And though a coal plant in a North Dakota winter should be able to take advantage of dry-cooling, recent advances in dry and hybrid cooling have made it workable 164 even in hot climates.
165
The comparison to energy from new plants, which tend to be more expensive than energy from existing facilities, further demonstrates that the real gap between conventional sources and the better renewable alternatives is smaller than generally thought.
III. "SUNNY DAYS" AND DEEP PONDS: SOLAR TECHNOLOGICAL OPTIMISM
The decreasing cost of existing solar technologies may suggest a potential flood of technological advances that could more radically and quickly change the alternative energy equation. 166 Technological innovation comes from many sources, but among the sources of innovation are government investments in both basic and applied research. Alternative energy in general and solar energy in particular have seen relatively modest government research funding compared to the amounts spent on oil, gas, and nuclear development and technology. 167 There is some momentum behind increasing research and development ("R&D") expenditure on renewables. The Obama Administration has signaled a strong intent to invest in R&D and in infrastructure, both as evidenced in the 2011 State of the Union speech, as well as in more concrete acts such as the commitment of $1.85 billion of the American Recovery and Reinvestment Act (the stimulus bill) funds to "applied" solar energy. 168 Other incentives under the American Recovery and electricity is expected to decrease by 8% each year or by over 50% every 8 years."). 164 See U.S. DEP'T OF ENERGY, supra note 89, at 13-14 (showing that dry-cooling was workable but resulted in a loss of efficiency). 165 or other carbon-pricing system over direct subsidies-it makes it much harder for governments to pick lousy technologies to fund. 176 There may be a silver lining to the Solyndra story, however. As Paul Krugman, the Princeton economist and New York Times columnist, recently observed, one of the main causes of Solyndra's failure was the precipitous drop in the cost of the solar panels that were in their competition. 177 Private investment in solar energy research has increased as well. Companies, academic researchers, foundations, and investors are paying increasing attention to the many externalities of an energy system built largely around oil, gas, and coal, and to a lesser extent hydro and nuclear energy. 178 Corporations and various sources of private capital are also attentive to the increasing costs in existing markets, which are affected by the enormous fluctuations in energy input prices and the huge role of regulation and subsidy in this area. 179 An initiative lead by business leaders including Bill Gates and General Electric Chief Executive Officer Jeffrey Immelt has called for a tripling of government spending on energy research. 180 As just one example of the kind of emerging solar technological solutions, a start-up company in Arizona called REhnu has proposed the use of mass-produced mirrors and especially high efficiency solar cells. 181 
